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Abstract 
High frequency (60 GHz) electron spin resonance (ESR) has been studied for the quantum critical system Mn1−xFexSi 
(0 < x < 0.24) at temperatures up to 50 K by using the original experimental technique. The analysis of ESR line shape allowed 
detecting the full set of spectroscopic parameters (oscillating magnetization, line width and g factor). The violation of classical 
Korringa-type relaxation and scaling behavior of the ESR line width was found to a result from iron doping. Non-Fermi-liquid 
effects in the temperature dependence of the ESR line width observed at quantum critical points x* = 0.11 and xc = 0.24 are 
shown to be described quantitatively in the theory by Wölfle and Abrahams. 
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1. Introduction 
The pioneering work by Sichelschmidt et al. (2003), where the electron spin resonance (ESR) was observed in 
heavy Kondo system YbRh2Si2, stimulated a growing interest to the ESR study in various strongly correlated metals 
(SCM), Sichelschmidt et al. (2003), Abrahams and Wölfle (2008), Demishev et al. (2005), (2009), Schlottmann 
(2012), Krellner et al. (2008). In some of the studied cases, the ESR physical picture is found to be governed by 
ferromagnetic fluctuations in the vicinity of the quantum critical points (QCP) Sichelschmidt et al. (2003), 
Abrahams and Wölfle (2008), Krellner et al. (2008). In this respect, the spiral magnets Mn1-xFexSi may be 
considered as a prospective system, which possess both ferromagnetic interactions, Grigoriev et al. (2009), and two 
QCP located on the T-x magnetic phase diagrams at x* ~ 0.11 and xc ~ 0.24, Demishev et al. (2013). Note that first 
QCP at x* is characterized by suppression of a long-range magnetic order and appears to be hidden inside spin-
polarized (SP) phase for the ESR resonant magnetic field. The second QCP at xc corresponds to the destruction of 
the short-range magnetic order, Demishev et al. (2013). 
2. Experimental details and ESR measurements technique 
In this work, we study ESR in the single crystals of Mn1-xFexSi in the range of Fe concentrations x < 0.3. In 
addition to high frequency (60 GHz) ESR experiments, the resistivity, magnetoresistance and magnetization 
measurements are performed in the temperature range 1.8-300 K in a magnetic field up to 8 T. The magnetic data 
are collected with the help of MPMS-5 SQUID magnetometer (Quantum Design). Magnetoresistance of the samples 
is obtained by the standard dc 4-probe technique. 
The original experimental method was applied for ESR measurements. Our homemade ESR spectrometer is 
based on the Agilent PNA network analyzer (PNA in Fig.1). This device generates microwave radiation and detects 
the microwave power coming from the cavity (1). We are able to use a set of single-mode cylindrical cavities with 
the main resonant mode TE011 at 40-60 GHz along with multimode (42, 48, 56 and 66 GHz modes) cylindrical 
cavity. The network analyzer allows performing continuous resonant frequency correction (peak following) that 
eliminates time, temperature and field-dependent distortions of the ESR line shape. A steady magnetic field up to 
7 T generated by a superconductive solenoid inside the cryostat is aligned along the axis of the cavity. The Cryotel 
Model 100 current supply unit controls current through the superconducting magnet providing the stability better 
than 1 mA for the maximum current 100 A (PSU in Fig.1). Temperature is stabilized by Cryotel Model 1.5/300 
temperature controller (TC in Fig.1). Depending on the temperature sensor (3) and heater (4) used it is possible to 
achieve a relative temperature accuracy up to 10-3 and a low temperature stability up to 5 mK. 
 
 
Fig. 1. Experimental setup and cavity resonator diagram. Here PNA stands for PNA network analyzer, TC is the temperature controller, 
PC is the personal computer, PSU is the superconducting magnet current supply. The enlarged sketch displays the cylindrical cavity (1) 
sample fixed on the thin foil (2), temperature sensor (3) and heater (4). 
The ESR technique used includes a special geometry of the cavity measurements allowing absolute calibration of 
a microwave signal absorption, Semeno et al. (2009). In this geometry, the sample (2) is placed as a part of the 
cavity bottom, Semeno et al. (2009). In order to exclude magnetic field inhomogeneities caused by the 
demagnetization effect, only the central part of the sample is accessible to the cavity volume and the cavity bottom 
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is made of the thin copper foil with a small hole at the maximum microwave magnetic field position, Semeno et al. 
(2009). The measured metallic sample is mounted outside the cavity in a way to block the hole. For good electrical 
contact the highly conductive silver paint is used to fix the sample to the foil (Fig.1). 
It is known that the microwave cavity absorption depends on the sample high frequency magnetic permeability 
and conductivity in a magnetic field as well as the unloaded cavity losses. Therefore, in the ESR measurements 
magnetoresistance of the sample may provide a baseline for the ESR spectra, Demishev (2009). According to Young 
and Uehling (1954) the cavity quality factor may be represented as the following: 
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where Q is the total quality factor of the loaded cavity, Q0 is the quality factor of the empty cavity and Qs are losses, 
introduced by the sample. Here σ is the complex conductivity of the sample, which is almost equal to dc 
conductivity in the case of Mn1-xFexSi. High frequency complex magnetic permeability μ could be found by solving 
the Landau-Lifshitz-Gilbert equation, Young and Uehling (1954): 
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The components of the μ tensor and parameter Qs may be calculated as the following: 
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Here M0 is the oscillating part of the magnetization at the resonant field, α denotes the spin relaxation parameter, 
and γ stands for the gyromagnetic ratio. The equations (3) may be used for the analysis of the ESR line shape. The 
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approximation of the experimental data demands on three fitting parameters: M0, α, γ. When the values α and γ are 
found it is possible to calculate ESR line width and g-factor. More details about the data analysis procedure can be 
found elsewhere, Demishev et al. (2009), Semeno et al. (2009). 
3. Experimental results and discussion 
We have studied ESR in Mn1-xFexSi in the range of the iron concentrations x < 0.3. The examples of the 
experimental data for Mn1-xFexSi are presented in Fig.2. It is visible that the increase of both concentration x and 
temperature T leads to the broadening of the ESR line and lowering its amplitude. The ESR line is getting almost 
undetectable at temperatures above 50 K. 
 
Fig. 2. High frequency magnetic permeability of Mn1-xFexSi, x = 0.054 (a) and temperature dependences of the ESR line width (b). 
In the panel (a) μ(H) curves are shifted for clarity (in all cases μ(0) = 1). 
The experimental ESR line can be fitted using the model described in the previous section. It is found that the 
oscillating magnetization is almost equal to the static magnetization M of the samples. Therefore, in order to 
increase fitting accuracy, the value of oscillating magnetization was fixed at M0 = M. This procedure gives 
temperature independent g-factor, which demonstrates a weak concentration dependence, corresponding to the 
decrease of g(x) by ~5% near xc. 
Simultaneously, for the majority of samples studied, temperature dependencies of the ESR line width can be 
reduced to the universal scaling relation (4): 
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Here TSP is the temperature of the transition between the paramagnetic phase and spin-polarized phase defined in  
Ref. Demishev et al. (2014). It is visible (Fig.3) that the universal behavior can be applied to all concentrations 
except of those, which are corresponded to quantum critical points at x* = 0.11 and xc = 0.24. Note that classical 
explanation of the temperature dependences of ESR line width based on the Korringa mechanism results in 
ΔW(T) ~ (T - TSP) , Barnes (1981), but our experiment gives ΔW(T) ~ (T-TSP)2. 
The anomaly around QCPs can be qualitatively explained by theory of ESR in SCM developed by Wölfle and 
Abrahams (2009). Taking temperature dependent contribution to the line width in the form obtained by Wölfle and 
Abrahams (2009) it is possible to come to the expression 
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where Tx denotes an energy scale for a crossover between Fermi-liquid (T << Tx) and non-Fermi-liquid (T >> Tx) 
cases, Wölfle and Abrahams (2009). The expression (5) provides a good approximation for anomalous curves W(T) 
for the samples with x = x* ~ 0.11 (assuming Tx = 11 K) and x = xc ~ 0.24 (assuming Tx = 0). Interesting that in both 
cases the values of Tx are very close to corresponding transition temperatureTSP , Demishev et al. (2014), (see Fig.3). 
 
 
Fig. 3. Scaling of ESR line width temperature dependences. 
In conclusion, we have shown that the spin relaxation in Mn1-xFexSi systems is characterized by a complicated 
temperature behavior with the violation of Korringa-type relaxation. Besides, the proximity of iron concentration to 
the QCP strongly modifies the temperature dependences of the ESR line width. This anomaly is detected even for 
the QCP hidden inside the SP phase, Demishev et al. (2013). The observed anomalies suggest that the current state 
of ESR theory in SCM, Wölfle and Abrahams (2008), (2009), Schlottmann (2012), Barnes (1981), does not allow 
the consistent description of the experimental results in Mn1-xFexSi system, which demands further theoretical study 
of the relation between ESR and quantum criticality in SCM. 
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